relative to the same period a year earlier, so that changes in price risk may not have contributed to an increase in milk production. Factors other than the prices and risk that may have influenced milk production include favorable weather conditions and higher hay prices in the New England states.
Thus, the objective of this study is to examine the impact of the Compact on milk production in the six New England states. An adequate study of the Compact's impacts needs to control for factors other than prices and risk that may have changed since the Compact came into existence.
Methods
The analysis herein relies on a two-equation 'random coefficients' model to predict the relationship between milk production and price levels controlling for other factors. A random coefficient model allows the impact of prices (and other factors) to differ for each of the six states. This is desirable given the differences in farm characteristics and market proximity among the New England states.
The underlying theory supporting the variables considered for inclusion in the random coefficients model can be found in Dillion (1977) . The variables used in most previous studies of milk supply response include the price of milk relative to other prices (usually input prices), risk measures, time trends, seasonal dummy variables and lagged values of cow numbers and milk per cow (Dixon et al.,1991; Chavas et al., 1990) . The random coefficients model developed for this study uses more explicit representations of biological factors underlying seasonal variation in milk per cow and cow numbers by including summer rainfall and temperature deviation variables rather than seasonal dummies. The random coefficients model (Swamy, 1974 ) is specified as: The model estimated herein contains two equations, one for cow numbers and the other for milk per cow. The relationship between these variables and the independent variables is specified as follows: Dixon et al. (1991) to examine the impacts of dairy policy changes in the mid-1980s. Because in any given quarter milk production and milk prices are simultaneously determined, the model uses values of relative prices in a previous period (in this case, the previous quarter) rather than the relative prices in the current period. In addition, the values of the lagged relative prices were transformed to natural logarithms prior to model estimation, as in Dixon et al. (1991) .
Once an empirical relationship between factors such as relative prices and cow numbers or milk per cow has been determined, the model can be used to estimate the impacts of the Compact on milk supply. To do this, an estimate of the prices that would have occurred had the Compact not existed must be developed. These price estimates are used with the coefficients from the random coefficients model to predict milk production that would have occurred in the absence of the Compact. The difference between milk production under the actual prices and the predicted milk production under 'nonCompact' prices provides an estimate of the impact of the Compact on milk production. 
Results
The variables included in the random coefficients model of cow numbers include cow numbers in the previous quarter, the milk-feed price ratio in the previous quarter, the milk-land price ratio for two quarters previous, summer rainfall, and summer rainfall squared ( A different set of variables is included in the equation for milk per cow (Table 1 ). In this model, milk per cow in the previous quarter, the milk-feed price ratio in the previous quarter, the deviation from temperature away from 50 degrees F, and a constant are all statistically significantly different from zero and have theoretically consistent signs. The explanatory power of the milk per cow equation is lower than that for cow numbers, but is still good for models of this type. In contrast to the cow numbers equation, the c 2 test provides evidence that the relationship between the included variables and milk per cow does not differ by state. Although important in theory, the variance of milk-feed price ratios (i.e., risk variables) were not included in the final models because they were statistically insignificant. Thus, risk (as measured by past price variance) appears to have relatively little impact on cow numbers or milk per cow.
Estimates of Non-Compact Prices
Milk prices in the absence of the Compact are predicted to be lower in most cases than actual prices. For most states and for most quarters, the price estimated by subtracting the Compact over-order premium from the state all-milk price (subsequently referred to as estimate 1) is higher than the estimated price based on an estimate of the 'non-Compact' blend price, the butter premium, and estimated 'non-Compact' handler premiums (subsequently referred to as estimate 2). The estimated influence of the Compact on state all-milk prices is given by the difference between actual prices and the two estimated prices. Price estimate 1 is closer to the actual prices during the Compact period for most states and quarters, so the estimated aggregate impact of the Compact on all-milk prices is slightly smaller than that predicted by estimate 2 prices.
In addition, because of variations in the underlying blend prices during the Compact period-and therefore changes in the amount of the Compact over-order premium-the difference between the actual prices and price estimates is smaller later in the Compact period. In Vermont, for example, the difference between actual and estimated prices was more than $1.00 in the third quarter of 1997, but narrows to about $0.20 in the first quarter of 1998. Thus, the impact of the Compact on milk prices, and therefore milk production, is likely to be larger earlier in the Compact period.
Estimates of Cow Numbers and Milk Per Cow
The increase in milk prices under the Compact is estimated to have increased the number cows on farms in New England compared to cow numbers that would have been observed without the Compact ( Table 2 ). The impact of the Compact on total number of animals is small, about 700-0.2% of actual cow numbers-and is concentrated in Island to 1.2% in Connecticut. Milk per cow is estimated to have increased 0.7% for the New England region due to the increase in milk prices under the Compact. Because these percentage increases are higher than those for cow numbers, more of the increase in total milk production is attributable to changes in milk per cow than cow numbers. 
Estimates of Milk Production
Using the coefficients from the random coefficients models for cow numbers and milk per cow and prices estimated in the absence of the Compact allows estimates of milk production by state. The difference between the estimated values and actual milk production provides an estimate of the impact of the Compact on milk production for each of the six New England states. The total increase in milk production for the six New
England states attributed to increased milk prices under the Compact is 45 million pounds under price estimate 1, and 43 million pounds for the states other than Maine under price estimate 2 (Table 3) . These amounts represent increases of 1.0% over the milk production predicted in the absence of the Compact. To put these increases into perspective, it is helpful to compare them to the total increase in milk production during the Compact period compared to the previous year. The increase in production using estimate 1 equals 79% of the increase in milk production from the previous year, and the increase in production using price estimate 2 for the 5 states other than Maine equals about 90% of the increase in milk production from the previous year. (Table 3 ). The proportion of the change in milk production from the previous year also differs by state. In Vermont, the increase in milk production from 1996-97 accounted for by the increase in prices under the Compact accounted for 101 to 113% of the increase of 21 million pounds from 1996-97 to 1997-98. That is, our results suggest that milk production in Vermont would have declined somewhat in 1997-98 if milk prices had been at the levels estimated without the Compact. For New Hampshire, the increase in milk production due to the Compact was nearly equal to the increase from 1996-97 to 1997-98. In the other states, the proportion of the increase accounted for by increased prices under the Compact tends to be lower. In Connecticut and Maine, price increases under the Compact are estimated to have contributed between one-quarter and a bit above one-half of milk production increases compared to the year before the Compact.
Our analysis thus predicts the unsurprising result that price enhancement under the Compact has increased milk production. However, given the ongoing debates in political arenas about the impacts and desirability of the formation of Compacts, empirical evidence about the impacts on milk supply can contribute to more informed decisions by policy makers and producer groups. In addition, the evidence suggests that most of the changes in milk production in the six New England states during 1997 and 1998 were the result of Compact-related price enhancement, rather than underlying biological factors.
This also contributes useful information to the debate about future directions for US dairy policy.
